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WATER AND LITHIUM RECOVERY 
FROM ROCK SPRINGS UPLIFT BRINES
‘THE ROCK SPRINGS BRINERS’





• Future CO2 emission regulations may 
necessitate CO2 reduction plans
• CCS a viable option in the Rock 
Springs Uplift region
• This necessitates displacing brine in 
the salt formation with CO2
Carbon Capture and Storage (CCS): A method of reducing carbon dioxide emissions to 
the atmosphere by sequestering and injecting it underground into a saline deposit.
• Brine may be processed and sold to 
recover cost of CO2 sequestration
• Design, optimize, and compare two 
different processes for treating brine 















Lime & Soda ash
Power Plant
BRINE PROCESSING OPTIONS:
Option 1: Concentrate and reinject the brine underground
or 
Option 2: Concentrate and process the brine to recover lithium and sodium chloride for sale, then 
reinject residual brine. 
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DESIGN SPECIFICATIONS AND CONSTRAINTS
• Specifications
• Power plant: 460 tons/hour of CO2 emitted, of which : 50% captured and sequestered
• Brine plant: corrosion resistant (87 ppm H2S)
• Lithium: 100 ppm, 90% recovery by concentrating to 25% by volume
• Constraints
• 1:1 ratio of tons of CO2 injected to tons of brine displaced
• 99% lithium carbonate purity
• H2S removal 









• Hydrogen sulfide is present in the brine feed at a high concentration of 87ppm. 
• The pH of the brine feed is 6.4 so the percentage of dissolved HS- will be around 20% and 
the rest is H2S. 
• The chosen option for removing this hydrogen sulfide is chemical oxidation with hydrogen 
peroxide: 
H2S + H2O2 → S (solid precipitate) + 2H20
• Insulated tank to prevent heat loss for following evaporation
• Followed by plate and frame filter to remove the formed solid
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STEP 2:EVAPORATION 
• 4-effect evaporator with 
evaporative crystallizer
• Remove water until brine 




STEP 3: CALCIUM & MAGNESIUM REMOVAL
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MgCl2 + Ca(OH)2  Mg(OH)2 + CaCl2
Soda Ash
CaCl2 + Na2CO3  CaCO3 + 2NaCl
Calcium and magnesium are removed through 2 precipitation steps using calcium hydroxide (lime -
Ca(OH)2) and sodium carbonate (soda ash – Na2CO3) Step 3








STEP 4: LITHIUM CARBONATE RECOVERY
(ONLY IN OPTION 2 DESIGN)
Soda ash is added to precipitate lithium chloride to lithium carbonate in a crystallizer to achieve 
90% recovery.
The reaction equation is: 





• Steam generation from power plant combustion waste heat
• Electro-oxidation for H2S removal 
• Surface discharge of residual brine
• Well pump alternative design






Option 2 (Lithium 
Recovery added)
Fixed Capital Investment (2 years) $148MM $165MM
Working Capital (One time) $26MM $29MM
Start up (One time) $15MM $16.5MM
Revenue/ year $10.1MM $15.2MM
Total Expenses/year $11.9MM $15.9MM
Net Present Value 0 $420MM $500MM
Net Present Value 10 $280MM $340MM
Brine Plant Internal Rate of Return 26% 42%
Cost of brine treatment per ton of CO2 
captured + injected
$7/ton CO2 $12.40/ton CO2
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CONCLUSIONS
• Option 1 is the better alternative that minimizes the cost of brine treatment during carbon 
capture and sequestration in the Rock Springs UpLift formation. 
























Selling Price of NaCl Road Salt ($/ton)
NPV10 vs NaCl Prices
SUMMARY
• Break-even points
• Sodium Chloride selling price: $325/ton (5x the current price)
• Lithium Carbonate selling price: $250k/ton (12.5x the current price)
• Since brine processing is necessary:
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PROCESS FLOW DIAGRAM OF OPTION 1 WITH STREAM TEMPERATURES & PRES SURES
•
23Process Flow Diagram of Additional Lithium Recovery Steps with Stream Temperatures & Pressures
ECONOMICS: CAPITAL COST
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Type Name Option 1 Option 2
Well Pump P1 $16,100 $16,100
Pretreatment: Plate & Frame Filter F1 $34,080 $34,080
Pretreatment: Large Insulated Tank T1 $2,156,400 $2,156,400
Crystallizers: Draft Tube Baffle CRY 1, CRY 2, CRY3 - $2,625,000
Dryers D1,D2,D3,D4 $45,000 45,000
Evaporators, falling film (combined 
cost)
EVP1,EVP2, EVP3 $7,944,800 $7,944,800
Centrifuges C1,C2,C3,C4 $65,000 $110,000
Evaporative Crystallizer (estimated as 
forced circulation evaporator)
E-C $19,085,170 $19,085,170
Conveyer belts Conveyors 1 x $25,875 4 x $25,875
Liquid-Liquid Extraction Column Col1 - $700,000
FOB - $29,366,325 $32,813,950
Installation & Auxiliaries Factor - 5.03 5.03
Total Installed FCI - $147,712,614 $165,054,168
ECONOMICS: OPERATING COSTS ($/YR)
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Prices of raw material:
- Soda Ash: $150/ton
- Calcium Hydroxide: $21.2/ton
- Sodium hypochlorite Pellets: $100/50lbs
- Granulated Activated Carbon: $750/ton
- Di-2-ethylhexylphosphoric acid: $700/ton
Cost of Steam Calculation:
Low.Press= High.Press – 1000 x aE x (HSH –
HSL)/3413/ηT/ηG 
aE = electrical power cost, $0.1/kWh 
H*SL= enthalpy of low-pressure steam Btu/lb
ηT = isentropic efficiency of steam turbine
ηG = generator efficiency, fractional 
Item Option 1 Option 2 Basis
Utilities $391,045 $391,045 Steam at 0.43 $ per 1000lb
Labor $550,000 $1,100,000 2 & 4 men/shift at 20$/hour
Maintenance $5,908,504 $6,602,166 4% FCI
Plant Overhead $220,000 $440,000 40% of labor
Taxes and Insurance $4,431,378 $4,951,625 3%FCI
Raw Materials $380,340 $2,458,987 Prices in Table 12















































Control Efficiency (%)* 
Cost Effectiveness  
(2006$/ton)** 
 




Precipitator (ESP) - 
Wire Plate Type 
95 $156 per ton PM10 




Precipitator (ESP) - 
Wire Plate Type 
99.5   
Mineral Products - 
Miscellaneous Mineral 
Production Operations 
Fabric Filter 99 $147-$186 per ton 
PM10 




Filters - Cartridge 
Collector Type 
99 $179 per ton PM10 




Precipitator (ESP) - 
Wire Plate Type 
95 $313 per ton PM10 




Precipitator (ESP) - 
Wire Plate Type 
99.5   
* when less than 99%, control efficiencies were rounded up to the closest whole number. They 
are for PM2.5, unless specified otherwise 
** cost-effectiveness numbers are per ton PM2.5 reduced, unless specified otherwise 37
